Overview of the Deuterium Inventory campaign in

-Introduction
In-vessel tritium retention is a crucial issue for ITER and numerous experiments were devoted to its characterization, in metal as well as carbon wall machines [1] . Considering the initial design of the ITER wall (i.e. with a carbon divertor), a simple extrapolation of present measurements shows that the limit of 700 g set by nuclear licensing could be reached in 100-150 nominal discharges. However, although the general trend is well established and observed in many devices, the underlying physical process is not clearly identified and retention rates deduced from integrated particle balance (∼10-20% of the injected gas, >30% in Tore Supra)
are significantly larger than those estimated from post-mortem analysis of the Plasma-Facing
Components (PFCs ; ∼3-4%) [2] . Comparing these two estimates is difficult, since the former is generally based on particle balance calculations for a limited number of discharges when the latter integrates the whole history of PFCs. To clarify the discrepancy between these two methods for determining the fuel retention, the only way is thus to load the wall with deuterium in a controlled discharge scenario until its inventory is known with high enough accuracy from integrated particle balance, and then to dismantle the PFCs for analysis. Such a study was undertaken in Tore Supra, composed of 3 phases: a dedicated campaign to load the PFCs with deuterium, the dismantling of a limiter sector to extract selected samples, then an extensive analysis program on the samples. This paper presents an overview of the wall loading experiment and results on the D-content of 10 dismantled tiles of the Toroidal Pumped Limiter (TPL). It presents first the time schedule of the campaign and main operational issues, then the characteristics of plasma-wall interaction, erosion and retention rates as well as the integrated amounts of eroded carbon and trapped deuterium, and finally the first measurements of the D-content for few selected samples. Main results and implication for next step devices are summarized in the last section.
-Operation
2.1 -Schedule of the experimental campaign A 13 C carbonization and a boronization were performed prior to the beginning of the experiment itself (equivalent deposition of ∼2×80 monolayers of a- Ten days, distributed over three weeks, were devoted to the D-loading of the wall.
Main operational issue was linked to the ejection of flakes, whose frequency increased dramatically during the campaign, the largest triggering a phase of plasma detachment followed by a disruption in a number of cases. This is shown in Figure 1 , where the number of events per discharge (the selection criterion is an increase >20% of the radiated power P rad ) is plotted vs. discharge number, showing an almost linear increase and a correlated decrease of the plasma duration due to the increasing frequency of disruptions. After ~220 discharges, 4 operation was so difficult and disruptions so frequent (see Fig. 1 -c) that it became necessary to modify the LH-power waveform, from a constant value to a continuous ramp up starting from 1.2MW and reaching 1.6-1.8MW. The consequence of this limitation of P LH was a decrease of the plasma duration down to ~90s. The right part of Fig. 1 shows that, after some discharges devoted to scenario optimization, this modification allowed to operate with almost no disruptions even if an increase of the frequency of flake ejections was yet observed. At the very end of the campaign, attempts were made to search for the P LH limit, showing that -for such wall conditions -it is close to ~1.9MW.
-Disruption analysis
A photograph of Tore Supra in the CIEL (Composants Internes Et Limiter) configuration is displayed in Figure 2 The total surface of the vacuum vessel covered with carbon CFC tiles is ~15m 2 ; whose ~3.5m 2 in close interaction with the plasma. All the PFCs are actively cooled with a pressurized water loop allowing them to reach thermal equilibrium in less than 1s for the TPL, up to ~10s for the bumpers. In this configuration, the typical temperature increase of the TPL surface is ~200°C for 3MW of additional power. So far, 450°C is the highest temperature measured on clean tile surface in the regions of strong interaction with the plasma. However, deposits reach much higher temperatures, form ∼500-600°C at medium power to up to >1500°C at high power for the thickest.
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The surface Infra-Red (IR) emission of the LH launchers and of ∼1/4 of the TPL is monitored by IR-cameras for following the PFCs temperature (or that of the deposits at their surface). It allows also the visualization of flake ejection. Among the 62 disruptions encountered during the experiment, ~85% are monitored by the IR-camerass [5] . In most cases, a localized hot spot appears in a thick deposit region 1 , yielding moderate density increase due to local outgassing. A MARFE is triggered, the radiated power increases (dominated by carbon radiation) and a flake is ejected. In case of major perturbations, the LHpower is switched-off by the security system in response to the edge perturbation, yielding a disruption.
Even more than the absolute number of flake ejections per discharge (among the ~500 events detected -see Fig. 1 , only ∼12% led to a disruption), the most remarkable characteristic of this experiment is the continuous increase of their occurrence. Two specific circumstances can possibly explain this behaviour: (1) the long plasma time without conditioning and (2) the systematic repetition of the same plasma scenario. The first one is unlikely, since no increase of the flake ejection frequency was observed in previous campaigns with time delay between two conditioning procedures (He-glow cleaning, boronizations). Conversely, the second can favour the build up of thick deposits in the shadowed regions of the TPL surface -in the immediate vicinity of the confined plasmasince the footprint of the plasma on the TPL remained unchanged during the whole experiment (~5h of continuous discharge). 1 A picture of the deposit pattern at the surface of the TPL can be seen in Figure 4 (centre). 
-Plasma surface interaction
The TPL surface is observed in Dα (Dγ), CII and CD light by two cameras equipped with multiple filters and four optical fibres coupled to a Czerny-Turner spectrometer [7] .
Typical light distribution in the CII(λ 515nm) and CD(λ 431nm) lines are displayed in Figure   4 . In both cases, the zones in direct interaction with the plasma (erosion zones) are clearly visible, but specific features differ depending on the observed wavelength. In the CII line, they are the deposits in the inter-tile gaps close to the tangency point of the Last Closed Flux Surface (LCFS) on the TPL when, in the CD band, it is the leading edge of the TPL. In addition, transient CD spots were observed close to the LCFS tangency point, but without clear correlation with an increase of the temperature surface or with a flake ejection.
The total erosion rate, Y tot , is estimated from the CII/Dα flux ratio to be ∼1% in the erosion zone, and ∼0.7% on the deposits, with no significant change during the campaign. In what concerns the chemical erosion rate, the low S/N ratio of the CD measurements does not allow an accurate estimate, and only an upper limit Y chem < 1% can be deduced from collected data. These values are in close agreement with those deduced from the global (experimental and modelling) study of carbon migration in Tore Supra described in [8] . Thus, the scaling law for total carbon production deduced from this work (dN C /dt = 5×10 20 ×(P tot -P rad ) C/s) can be used to estimate the total gross erosion during the present campaign, yielding a total of N C ~1.15×10 25 eroded C atoms (~230g).
-Increment of wall D-inventory
Particle balance measurements were done for every discharge. The different terms involved are displayed in Figure 5 , which shows -as a function of the discharge number -the amount of gas injected (Q Inj ), pumped (Q Exh ) or outgassed after the plasma termination 
-Particle balance from post-mortem analysis
-D-content measurements
Consecutively to the dismantling of a sector of the TPL (20° toroidal), 40 CFC tiles (over a total number of 672) -distributed over erosion, thin and thick deposits zones -were extracted and sampled for analysis. Each tile was cut in 3 layers (2mm each) in its thickness.
Thermodesorption (TDS) and Nuclear Reaction Analysis (NRA) measurements were performed for a first set of 10 tiles (5, 2 and 3 from erosion, thin and thick deposits zones).
Only top -in direct interaction with the plasma -and medium samples were analysed. No investigation was performed on those located at the bottom of the tiles -at the junction with the Cu/Cr/Zr heat sink -because of the presence of significant copper infiltration due to the manufacturing process (active metal casting).
TDS measurements were performed up to a maximum temperature of 1200°C (heating rate 60°C/min) for the top samples, and 900°C for the medium samples, due to the presence of remaining copper infiltrations. Due to the way the samples are cut off, TDS measurements 3 Due to the large uncertainty attached to the value of WI init , its contribution was not considered in the evaluation of WI GB .
9 take also into account the deuterium trapped in the deposits located on the lateral faces. The measured D-contents of the top samples are displayed in Table 1 Table 1 .
-Comparison with gas-balance inventory
The D-contents mentioned above can be used for a first estimation of the TPLinventory. Considering 3.5m 2 of eroded zone, 3m 2 of thin deposits and 0.5m 2 . Even if the part relative to close porosity is not taken into account in the present estimation, the available reservoir is large enough for one to speculate that this process is effectively at work and explains at least partly the D-retention in eroded zones.
-Summary
An accurate knowledge of the in-vessel D-inventory is essential for a pertinent comparison of gas balance measurements and post mortem analysis of Plasma Facing
Components. For this reason, 10 days were devoted to loading with deuterium the wall of Tore Supra. More than 160 long (>1min), identical discharges were performed, for a total time of ~5h of plasma. Despite the fact that no wall conditioning was performed, the macroscopic plasma parameters (density, temperature, radiated power) remained remarkably constant. Main operational issue was linked to flake ejections, whose frequency increased dramatically during the campaign, the largest triggering plasma detachments and numerous In addition to these results, it was observed that the continuous repetition of identical discharges is likely to amplify the characteristics of the C-deposition pattern, because there is no smearing or erosion of deposits due to changes in the plasma geometry. This factor is believed to be responsible for a large part for the increasing number of flake ejections detected during the D-loading campaign. However, although such behaviour can be a critical issue in any operational schedule, it must be underlined that the specificity of limiter devices probably amplifies the reaction of the plasma to the flake ejections. The main reason is thatin a limiter configuration -the private flux regions in which the deposits grow are very close to the Last Closed Flux Surface. It follows from such geometrical arrangement that any ejected flake has a significant probability to penetrate and perturb the confined plasma, in any case much larger than in a divertor configuration. 
